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i 

>^*P^4fc^-ft|-tt£.#l6*jj*4t ' J£ ^ - W PI. I ^A^^ 
« j» 4t ' te#«l**4fc;afr*€*jL ' &&^#-4ft4£Jf;8fr 
iSHRft^4Li6<i3*^t'ft!l« ' & &k m n& ># ' ft rfj 3f ^ Jt _t #j 
>* # #J # ' T * *L 4b 4& *fc ># ft it} ^ ># # ft>J £ - ^ ^ • 
#J ® * & #j & # a IS 3$ ^ tt^HPM a * 
' £.j&-&4Mb^,fH£ ' & t fa -k ^i^Ji&^a^i^ 

i I i f ^ It #J f * 1 « IS jtb ' & # & £.] ^ ]$ ^ 

m t f ^ # ti ^ d x. t » 

^ ( - ) * ^ £ ft * ® $ : # 3G M ° 
C -— ) > **ft*B^fc#ft4t#ttffi*tt,9i: 
340 - -f 9- *t & 4K. 
342~f fHi ; 

3 4 4 - n + ^ # ft H ; 

* ^5L# a ^^^- (& a H£M : A method for controlling the upper width of a 
trench) 

A method for controlling the upper width of a 
trench. A conductive layer is formed on the trench 
over the substrate, forming an inter layer in part 
thereof, above the conductive layer. A sacrifice 
layer is formed on the trench sidewall above the 
interlayer and the interlayer is removed to expose 
the trench sidewall above the conductive layer and 
the sacrifice layer and the exposed trench sidewall 
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3 4 6 - ft, 4b # ># ; 
348- *f € # ; 

351 > 3 5 1 a *351b~£-4Mb^,* ; 
3 5 2 ~ # >f ; 

dt ~ /m # • 



A ' ^3LlsH^i?i-lr (# a ^^^i : A method for controlling the upper width of a 
trench) 

are oxidized. Thus, the sacrifice layer on the 
trench sidewall reduces the upper width of trench. 
In the oxidization process, silicon oxide is 
formed on the sacrifice layer and the exposed 
trench sidewall, such that upper width of the 
trench will is not increased during the following 
wetetching. 
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* # a m : & 
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i > (1) 

[ # w ft m & m 

[ * *fr ft * ] 

- m % % fit & # 3* te, -It fa 3fc(DRAM eel 1 ) £. * - #1 t 

& tt a - -fa % & a #t * * ' a # © € B B B it -st ft #« # 

• fie. — 3t^^#'€^lt(deep trench capacitor) » H$ =. #fc 

* 'It it #J JL -t # « i7 $ ' jfefl&;&n#£-##sfc& ° 

*f #- 89 |H A SI ' ^.18*? ^oDR AM Ife 4l ^ * » # ?'J # -f- 
® ffl • 0 M m #4 -ft it ii( folded bit 1 ine) J& # t ' # 
- -AH ±. H t & ^ # * # ^ it &WL! - WL 2 U A - # to 
fcBL • # + # SfeDT ft *. 8* ' # SfeCB ft * it # « * 

S • 

if $l ffi % l B SI ' £■ IBI if: S £°DR AM J& 4l ifc it # € & H <Mj 
*J * ^ t EI - --f**t#*A10rt*L##-j*j* #DT • ffij 

* * #DT 4l T ^ & % H # & * - * * # t * S 1 2 • % 75 

* - a. H; & & (buried plate) - - f M £ ft % J% (node 
d i e 1 ectr i c ) a JSl — tit -# bp .& ( storage node) ^tf ^ ° 

M 'l± ft* ^ « £'J ( R I E ) -X & ' »T^p^-ft£*ft^£.>&10i*3^;fc 



I MMMMi PMMMM 
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s. > %m?aw (2) 

■an J* 4t DT - fln ' # * - i £. # ft ft 4t 4fe ( #J *° : *f» sfe ^ 
(ASG)) J-Xl^S&Bf f^^tf t ' °T ^ ft ^ # ft 5. 
f jliDTT^H^ ' r7o^^-n + ^#ltl^l4 • S3 *. ^ & 3fc 
;ff f ^ ti 1 2 <Hj ±£ ^ f ^ fe. ° & & ' ^i*#DTT^i^ 
- 4l 1*3 fc'J ® 1% 4£ £p % j& — ft 4b ^ # 1 6 ' ffl #. # ^ * # € S 
8S12«jff»^-«4f 0 A * ' * 3* * *t DT >ft 3* - n + ^ # ft 
^1 - I | a ^^18 ' iii3^(recess)f-# a a H^^18^- 
ffi £ A ' *]'Tffl*#***ftt&312tt*t# ft - 

5E*-Lit^a|l*4t«**12^#L ' *, a* * * #DT Ji 2r 
g J* #j #J & _L $L # — 41 351 € ( co 1 1 ar dielectric)^ 
2 0 • # lb m * #DT _L 3r K i* ft K. # - n + 51 # ft ^ 9 — £ & 
# Jt 22 • # | I # - I Z | A ^ £ 24 ° \k ¥k R'J -T 
& » ffi ft (ST I ) #2 6 * ^ to MLWLi * WL 2 * */ «. « « ft ft 
^28 - 4Sl 7t # ft & SCB a I t it &BL JUL ^ 0 & j* Pft ft & 
#2 6 * H ^ ^ H|5 ^DRAM flfe ° 

*t *h ' $ T it j* # t S- H 1 2 a a © 4l f B a B It ' 
j» « DT IS «P W a ^ S # # & 4U 0 i^^^^-S/v^^ 
HH(buried strap outdiffusion)Hi^30 » # flfc ^ & — 
^Ifc&^-frflKnode junction) » &*#;&2r5^4:#*#~ 
£ S # J| 2 2 ft -^n + ^1 ft -f- & & f =- £ B a H % 2 4 ffij iij *b # & 
5.KP3i^^^.^l0t ° El itb ' # X £ b s b ^ >f 24 & m ^ - a 
7v^(buried strap) 24 » 4S^^t^20^S 6d ^. ^ 1% « 
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s. - %tmttm (3) 

a^^^#*ts^30in-a>^t;^*t 1 4 m 5t $«j * sfc 60 

«g, - aBrjt*bj£6«j*« aft ft « & # DRAM Ife 4l 4£ ® H 
( r et ent ion time) ° 

m ffij ' 4i ^ ^ t /# 2 o # & $l # -r i* a >m * *t dt m m 

^ m a K-t ' *o*t*-^*r±$&E ^AA ^ >m * #DT ^ $ 4 S 
,1 i a IJt a ^ ?h # t H ^30 §d ^ # ' # M A. ' * «h & Sfc 
/ a « # It H ^,28 « ^ # *b # ft £ J* 3 0 ^ W 60 f 4lt 
H i&L ' itffo^-^S^^^h#ft^^3 04.^^-JS.*^^f: 
fl!L ' it & * * « M(sub-Vt) $l $L ° 

If #■ H # 2 A 5. 2 E H ' & m-*'S*'%i& J fr^*%.&Z-*\ 
®f il - *o $ 2 A ® #r tf ' -p^^f ^^HlO&^t 
j&5&*#«&8124l*L# ' & 4* # : -IL4b#ft*32 - - 
$L * #DT - -n + m $t ft K14 - - & 4b ^ >f 16 « A -n + # 

& f - £ & ^ >§ 1 8 ° mtk ' ^I2bi^^f ' * m * 4# 

DT_L^-H^4LlL4b^>tl6ii3tfi-^-^ & ^ # 1 8 4l SJ 4k M 
' *'J ffl ft 4b 3" ^ ^ ^ ^ i o 4l & ft -t -ft: j& — 
% - ft 4b # & 34 • ffl « ti*i #DT _L 2r '& « ^ #J « ' °T 
*S n m ft £ 1 4 * & # jR^iaAf^#ti*30 4: ® 
° # * ' % 2C ffl «f ' *'J ffl CVD 3r & ft - 
% ft 4b Jk 3 6 ' H- « # # ft 4± It # n A & % - £ a a H 
^ # 1 8 TS £P ^ ^ — ft 4b ^. >f 3 6 » 
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i » ItWttm (4) 

%l $k ' * 2 D SI #r 7F ' g£ ^ fit D T ft Sft — n + 21 # *fc 

^ £ £ S ^ £ 2 2 ' it EJ #i K'J H £ B B B ^ £ 2 2 J. - 35 £ 8fc 

& ° It & ' ^ |2E 1 ^ ' ^'J ft ^ ^ I'J ^ i& -SP 43" ^ ^ 

- #L 4b ^ £ 3 4 u $ ~ |L 4b ^ £ 3 6 • S. 5. & £ £ — # a a a 

% 2 2 #j T* 2p > ft'J & @ ^ # - |L 4b ^ £ 3 4 a $ — H 4b ^ £ 

3 6 \% m ft % - m n ft % % 2 o « 

& m & & i o # ft & h s i o 2 ' a *t & # 4& *j # * -fr # 

SR. 3H j* It D T Tl £p m a X. "t ' il^i 2& % / t E *28 

£. m. ^ =f *b I* It H. *R3 0 ^ ft # $ 4 it Ajt H. J*L ' JW & ^ & 
4b >Ji t ^ & * f ( sub-Vt ) # * 3ft - ft& * - % 4b 

4&£#-&4b^£344L*L4bj&£#**&*i l *£#tt ' 

# jtb # J$ * A m ']> * - 4b ^ £ 3 4 M- J$L • H'J Jfr t£ J&n + 

S ;i f = S jfcb ' jfc ^1 ift # - Jft, 4b £ 3 4 ^ H 4b /& 

tt^T ' ^ ^ ?i # 41 I! f I f t « t t i A 
& #DT 4L IS «P W cr ^ ' &.#^£&&$;^frft 0 

[ # 91 1*3 ] 

# - & & #>j m # ^i 5 >^ -t #i * & ' n&^^-^^^i^^ 

# ft H a ^ * n iM « -t- ' a#*fcBfrjh>&jlHt4L:iS 
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i - (5) 
£P /L ^ ft $ *k £'J JR. a t 4fc it 4* A ° 

6d ^ * ' & t n m ■ m*%3L&%LM r m& 

^ « * * ^ *P-^ f£ # ° # # - ft »>f*>^*P^|j[j*^t . 

& W ffl >f -fit **- % % J§ _L - # ^ > ^*-4*4i>f^WMbJtJi 

^ it $ _L it 1 # ' & & #J&#TI£P;^ 

-f # & ' & & T ^ 4* : l£#&te-*;(#4i.&;fcii^j& 

W m * a* j£ t A _h o ^ ^ , i&A-j&iBLJifcRfiJixx, 

* # fli ® - 4i ft • ^^RUffi^f ' f*ffy|Ji^)|# #J 

# ' lail&f^^jb^i > a ft it % tb 4i ft m ® - 

& T * ^ # ^ 4i _L it #o * to @ # * # £t * 

• a ^ ii £ -is ' t x^^ - tftt ' it s& ^ ft m m ' # 

[ ir s£ ] 

% - t «fc #'J 

ft #- Bfl $ 3 A J. 3 J ffl - *«7F^*^4S*Ij»«tS*PX.^- 

#J # * 41 % - 5f £fc m 41 jR. 5g #J ® h . 
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i » &WtSLW (6) 

if- -> &*i340 • ***it*.fc-r«*L* £ 

' ^&^#-iE^t^^.344 - - Ip ft 'if % Jk 3 4 6 a A - ft 

* Ip ft 3 4 8 ' t ^fe348 #t^T t fei.^#Sp 16 
3 4 6 ^ _L % m ° jfc*4ttE£-SS3424Lftffc>F**iT0f 
it - J»-pM J f9-!t#&:fe340 £'M ' #*-^J|352^B! 

* a A & m *t m -tt I'J (RIE) a >t ' *T ;5fr ^ & ;&340 ft & 

&>§3524L#tf«r&iUb^" 

ff6 & ' & * - £ -SL # H IL 4b 4fe( fcl *» : *t $£. J^(ASG)) 
« i I « M Srf- M #j ig. IL ' ^<fc^#ft.£ifcj**t 
DT T ^ i ^ ' ffo -n + Si! # ft H3 44 > 

& ^v.t & =fc 0 $ & ' ^ * >* #DT ^ 1*3 m & & ^ 1$ & % 4b 
M 346 ' # ^ ft m #DT 1*3 >ft * -n + ^ # II ^ t >t 348 

' & * t >f T a * £ b b b ^ ' ife. J» £ % M 348 4* M 3l & £ 
€ 4 4t © 3* ^ * * © 6 0 0 nm ~ 1 4 0 0 nm 6d & ° *» ifcb - 

* > &®4L^ < i;>#348 #ffi£J&|£&lt4L_Lt£& ' rfo^f^ 
#Mi + 31! $ It H344 >X A 3£ t ,#348 4l ft #} IL 4b # ^ 346 I'j & ffl 

$ & ' *» $ 3B 1 #r 7F ' #^-^t^_L^ipft^f^ ° 
H <& #j # - fal Fft £ 3 4 9 ^ >* n t A & X ' & tf\ m & 
^ a &&&&&&&& ( TEOS )&^&#f~|i4b^#r&. j 
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i ' &*ftfjL*% CO 

349 ' XEUkS'ja^ttWM HI A 349aft** i6 fe^^ l-tt 

# &fe*®1200~1800nm - # T * ' *» ^3D El m ^ • HI 
te&$£*-tfJ?->££20~70nmtt4ft*fe.>*354 > & 4ft *t * T « 
& 4t & & ' -E-*$7l 4b ^ a 4a ^ ^ * ( CVD ) ° £■ 
#l ' *» # 3 E H m ^ ' « — # # ft '14- 4* *I * ' #'J *° ^ 

« »j * ( R I E ) * a JL (CI) & 3l * 4k £'J #J ft 4k M U 

44. £ 3 5 4 a ^ ^ P4] fii, # 4L Ji * 4t #J ^ 0 

£• & ' Ao £ 3F El fff ' a - £fc $J 3" # fi£ W ^ 349a 
• *«*JyF**ra*-*ft*L* ( HF ) >& ft « *J * • 

# Bfc M Rib # & ' £ * t£ € >f -t ¥} # #J f ° .11 ' ^I3G 
ffi #t 7F ' *'J ft & 4t >$" * ^ ^ 1- j&340 iitiltt^f 

Hfe — ^ — fL-fb^-»331 » ' ffl a ffi * * #DT _L 2r & * ^ W 
^ - ^ n + 5! # ft d 3 4 4 & %l $ f. ^ ^ a ^ =f ?b # It n. J* 

^ r-i ¥} & * * ° # #] >i t #j & ' &3frtfrs£#**£;£*-4ft 

4£ ># 354 a W H ^ f /I #DT 1% ^ Bfl n H A * • @ itb 

& -P: * - % 4b M 3 5 1 b£ > "4ft 4£#354 a _L 

(351a) A * a *b ^ & fa 3 4 0 ^ £ # *fl . S * * -t- 

( 351b ) - 



> $ 3 h m tn ' *■] m c v d % m> at ^ » ^ 

j**4trt^*---*.=-JMt#*353 ' # a # * ft ** *J ^ 
£ * Ifr -ft 3fr tf- 1 * 348 H ^ ^ % ~ % 4b % 353 - & 4 ' *» 
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s. - %mtm (8) 

?3Hrtr* ' ^ >m 4t ft >ft * - n + # # ^ Jt- £P * f £ # 

358 > il.iHj^S'J^_L^^t^3585.-fI^>^^ ' & * * ® 

^^^1:6^1-1,^^4351^^1- H 4b ^ ,# 3 5 3 • A 
5. & ffe _L £P tf- € >t 3 5 8 ¥j TI £p > ifc-fc#-H4b^yi35lJaA 

# |t 4b ^ >f 3 5 3 4L Tl ^ *77 # ' W\ % % & m. j» *# -b 3" (1 J£ 

#J £ ^ £ - H 4b ^ Jit 3 5 1 « JSl % ~ IL 4b M 3 5 3 4fc ft 4t & - 

it #- s9 # 3 k ii ' & m ^ ^ & m 4% ^ ft % m ti n ft m ft 

^DRAM Ife # #] ® t S 0 ^^Jii4 4I^^t>t350t^^ 
ft. ' ft**'JTiftfi'-UI«Ptf-t4f360(***-a^* l 360) 

# - ^7v^^^^^^362 - - & • * N* ( ST I ) & #3 6 4 - 
- ? 7G - WL 2 > - Sfc/ 3L & H J$366 - - to tl & «9 

# SCB a & - to it MLBL a. 1 ii * f t 1 ^ ^ t a l t 
#f 4# «t ' & ^ itb # *t ffl • 

If |l gg 31 4A J.4G ® > £ $1 ^ ^ J£ ^- ^ £-] # $L 

31 #J Sr ffl ° 
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s. > ttwaizn (9) 

^ t «t^T«3fei^#fftt ^ «t £ _L € & ° >m 

# 1| ft 4 4 2 ^ I # ^ 4* T ^ i& ° a-p^^^H^^fe 
4 4 0 £ #'J ' II * - * 4* 4 5 2 '4L SI # a & it 4± il£ 4k M ( R I E 
) 1j & ' *T ^ ^ & fe440 ft ^ /& - $L * n ' £• >m & & 5 0 0 0nm 
~ 9 0 0 0 n m - ^>f4524L#jf»T < felL'fb^ » ffn & ' 

# # ft -fb ( #j *»• : *t sfc ( a sg ) ) jx $ m ^ m ¥j X 

If > $Ln + # I* «L ^ %L * # DT T ^ & ^ ' flo ff> & - 
n + 3M/§ H 444 • fflfc#i&t;5gLlg4LJ£^«&4& - 

$ & ' jfrjfc*#4Lrtfli£&;£*P*#j&*L4b#,i446 > 

# >m ^ # ft ^ ft -n + ^ # & ^ 3£ 1 ># 448 > Iff l^f« 
& £ a a B ^ ' it JKF % R 448 EI # M M. - ft £ >fc 3L ' * 
^#&®4&^^&te*®600nm~1400nm6$8fc & ° ^ ilb - 

# > &®^^$>#448 #ffl#.£«£-3l4LjL 1 $^ ' *n & t£ 

^ #t It H444 a A f >f 448 ^ #j H 4b ^ # 44 6 Jl'J A ft 

# 4B m ffi Tf: ' # 1^ ^ € ># -L # Ip jtt ^> 1 >§ 0 & > 

fea-|4 6<i>X*-raWb>f449^*^ttA3l.*lJi ' f*1 Rfc >f 
^a^iraiH*^* ( TEOS ) 4b ^ m SB. # 

» ^ |4C a ^ ' ej 4k m m m 44 9a u # & & & & #j ~ 

4b ^ ' j-ig«*J*#t#«ra#te*4tflM&a*^f-tt'» 
& 4& * fir 1 2 0 0 ~ 1 8 0 0 nm ° & T #. ' *» ^ 4D ffl m » 

— >f>?-^LA20~70nm6(i5tjgc>f454 ' £■ S& & # *T 
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s.^m^m (io) 

ft 4b *P ' i*3Ljf*>F**4t*SL#i3L**:ar ( CVD ) ° 

£• & ' *• I? 4 E ffl #r 7F ' a - # # ft >\£ 4k PA & ' iH JSL 
Mm* 4k M >k ( R I E ) ( C L ) I, i f li IJ #j ^ It 

Ik ^'J I f ' 4* *] -fit :8fr 5.1 Rib ># + 9- It 4& * * 6<7 i& ft J4t ' 

« it & # 454a ^ tft ft m % ^ Jl #J 4t #J « ° # 4F SI 

FJt tf ' a - 4£ $J 3" # &r W l 5 ^ # 44 9a .' * 4fe M & «Ta* 

-^llt ( HF ) ^ «. # 3ft *k $| * » # m m M Ql ' « * 

tg t£ % % _L # % # tfj ^ - 







J 






g -St- 

#- £§- 








H 4b ^ # 4 5 1 ' ffl K^t 








n. 


i& 4l #j g ' 


^} # ft & 444 * fc. ^ 


ft # 41 






It 


n ^ ^ h 6^ <a 


& & * ° # #] )i t ^ ^ 


' * ^ 




# 


TO 


ic^itli#454 




>*DT 




w ° 


n 


® ^^1-^4404 


# ft * % S i 0 2 » m itb £ - 


*L ^b ^ 


#451 # 1 


t & & & it ft M 4 5 4 


a a ^h^^^^440^S 




_L ■ 








fc- , 0 3 # 



3 H ~ 3 J ffl - 
[^«-^4L^«L*ft ft ] 

# w # ft ^ & m. ^ ^ m n ^ # * « #J s * 

® fl> j& # 4± J- ' * -T « it s*. ^ * *f DT TM a £ A ^ • 
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S-^&W&W (11) 

^4L^&4&***#'lW«4t©i 0 *'] & £ 6<j 2& 4* £J # HI * 
♦ J* 5k * #DT Ti *p M a x. "t - 





* # W 41 








^ & 




& ft ^ j& - 


it 


St * 






a 


^ IS 41 ^ & 




# ft 




^Si0 2 


>§ 


it # *fe Ol j& 




^ i£ A. 


V ^ ffi 




m 4i & & ^ 








* -t m 












1% ^ K 




# It & & 


a. 






m it K 




' it. rfrj $C 






t 


>7fc JJL & 



Jit - 



ffc * #DT TI «p M a X. -t ° 

-f ¥j # & ' it m m jL */ iSL 
J£ 4i f 9 1 #j 4 4 i£ & & & IS 
ii & # ^ 1 JS(sub-Vt) # *. 



. $ * # b£ a t 1H m M- -kP JL ' m it # ffi « 

PR £ *■ # ffl ' ^ & § itb & # * ' 

$1 e 1*3 . # # * ^ & t& & m # ' si itb 4- # b ^ 4i ^ ti 

$a S # * m 4i t tf -f- *■] jfc IS #t ^ £ & ^ ° 




% 1 a m m ^ ^odram m ^ an * m m n & & m ° 

% 1 B m m f ^DRAM l&t$||f t ss^^js^i 

n ° 

$ 2A J.2E SI II W £° m ^ ft % M M m. *l £<] © 7F * EI ° 

£ 3A ^3 j m m ^ & m % - t- ft m ^ U m #j ® ^ m 

m ° 

*J ® 7F t 1 0 

H 4 A #4G ffl II 7F ^ $ a£ $ _n 5f ^ ^| ^ £ ^ #j s $ 

f £ p jjt #f : 

WLi > WL 2 ~ £ to * ; 
BL~ -fit 7t & ; 

dt~ ^ * # ; 

cb~ in 7t # ft # &. ; 

l o ~ 4 kf- «t ^ * a ; 

1 2 - %l m # t «■ it ; 

14~n + 2!tf i ; 
1 6 ~ H -ft m ; 

1 8 ~ % - % i* J% ; 

2 0 - 41 ^} -ft- f J% ; 
22~|-| a a a^| ; 
2 4 ~ H jl £ b b b ^ # ; 
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2 6 ~ & * M # ; 
28- &/ a ^ t f n ^ ; 

L - 4 # it & n ; 

32~*t4b^*># : 

3 4 ~ H - H 4b # ># ; 
36~#~H4b#£ • 
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